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A B S T R A C T
Introduction: Published studies investigating the role of driver sleepiness in road crashes in low and
middle-income countries have largely focused on heavy vehicles. We investigated the contribution of
driver sleepiness to four-wheel motor vehicle crashes in Fiji, a middle-income Paciﬁc Island country.
Method: The population-based case control study included 131 motor vehicles involved in crashes
where at least one person died or was hospitalised (cases) and 752 motor vehicles identiﬁed in roadside
surveys (controls). An interviewer-administered questionnaire completed by drivers or proxies collected
information on potential risks for crashes including sleepiness while driving, and factors that may
inﬂuence the quantity or quality of sleep.
Results: Following adjustment for confounders, there was an almost six-fold increase in the odds of
injury-involved crashes for vehicles driven by people who were not fully alert or sleepy (OR 5.7, 95%CI:
2.7, 12.3), or those who reported less than 6 h of sleep during the previous 24 h (OR 5.9, 95%CI: 1.7, 20.9).
The population attributable risk for crashes associated with driving while not fully alert or sleepy was
34%, and driving after less than 6 h sleep in the previous 24 h was 9%. Driving by people reporting
symptoms suggestive of obstructive sleep apnoea was not signiﬁcantly associated with crash risk.
Conclusion: Driver sleepiness is an important contributor to injury-involved four-wheel motor vehicle
crashes in Fiji, highlighting the need for evidence-based strategies to address this poorly characterised
risk factor for car crashes in less resourced settings.
 2013 The Authors. Published by Elsevier Ltd. 
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Studies largely conducted in high-income countries suggest
driver sleepiness is a signiﬁcant contributor to the burden of road
trafﬁc injuries (RTI) [1,2], with a three to six-fold increased risk of
road crashes [3–5], and population attributable estimates as high
as 22% [6]
Although over 90% of RTI-related deaths occur in low and
middle-income countries, the few epidemiological studies exam-
ining driver sleepiness as a risk factor for crashes and related
injuries in this context have primarily focussed on truck drivers [7–
9]. The high prevalence of driving while drowsy among Thai (75%)       
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Open access under CC BY-NC-S[9], Argentinean (44%) [7], and Brazilian bus/truck drivers (22%)
[8], suggests the contribution of this factor to RTI in less resourced
settings may be under-appreciated. A study among Thai commer-
cial bus/truck drivers attributed 23% of crashes to driver sleepiness
[9], while another study among Brazilian truck drivers reported
signiﬁcant proportions of crashes or near-miss crashes could be
accounted for by excessive daytime sleepiness (18%), snoring
(24%), and driver sleepiness (16%) [7]. A case control study from
Shenyang, China – the only aetiological study focusing on car
drivers that we are aware of found a two-fold increase in crashes
among drivers with chronic but not acute sleepiness [10].
Factors associated with sleepiness which may also increase the
risk of RTI include working for extended periods involving multiple
jobs, night shifts, or unusual work schedules [11–14]. These
occupational risks are of increasing concern in low and middle-
income countries where drivers are vulnerable to less regulated
labour conditions, and socioeconomic pressures to drive for
prolonged periods without adequate rest [15–17].
In comparison with research conducted in more populous
nations, low and middle-income countries with small populations
draw less attention despite the substantial impact of RTI to theseA license.
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Paciﬁc Island countries and territories for over a decade, with most
research to date focusing on Papua New Guinea [18]. In 2006, RTI in
Fiji (the second largest Paciﬁc Island country) accounted for 17% of
all fatal and hospitalised injuries and 27% of all injury-related
deaths in the country [19]. Fiji data suggest that three quarters of
road crash fatalities in Fiji involve four-wheel motor vehicle
occupants (drivers 26%, passengers 49%) [20].
While aetiological studies are rare, postulated risk factors for
RTI in Paciﬁc Island countries include travel in open-back utility
vehicles, utility vehicle overcrowding, and alcohol [18]. To our
knowledge, no studies have examined driver sleepiness as a risk
factor for crashes or crash-related injuries. We investigated the
contribution of driver sleepiness to the risk of injury-producing
crashes involving four-wheel motor vehicles in Fiji, as part of the
Trafﬁc Related Injuries in the Paciﬁc (TRIP) research project.
The aim of our study was to quantify the contribution of driver
sleepiness to the risk of serious injury-involved four-wheel motor
vehicle crashes in Viti Levu, Fiji.
Methods
A population-based case control study of motor vehicles, using
a similar design to the Auckland Car Crash Injury Study [21], was
conducted on Viti Levu, the main island of Fiji, from July 2005 to
December 2006.
Viti Levu has a relatively young population (48% of 650,000
aged less than 24 years) and two main ethnic groups; indigenous
Fijian (54%) and Indian (40%) [22]. The two main cities, Suva and
Lautoka, are linked by sealed highways running along the coast.
The study base comprised motor vehicle ‘driving-time’
(equivalent to person-time) on public roads in Viti Levu. Eligible
vehicles included motorised four-wheel vehicles such as; private
cars, taxis, commercial minibus, van or minibus, pick up (open ‘ute’
with tray), trucks, and rental or government vehicles. We excluded
buses, two-wheel vehicles (motorcycles), vehicles of the diplo-
matic corps, and emergency response vehicles. These vehicles
represent less than 5% of the total vehicle ﬂeet in Fiji.
Selection of controls
Controls were selected using a prospective two-stage cluster
sample roadside survey of motor vehicles, designed to recruit a
random population-based sample representative of motor vehicle
driving-time on public roads in Viti Levu. This sample was
previously used to study the prevalence of sleepiness in the driving
population [23]. The sampling method aimed to recruit controls in
proportion to the amount of driving undertaken given that
exposure to risk of a crash only occurs when driving. Alternative
sampling approaches (e.g. from databases of licensed vehicles or
drivers) were considered less appropriate from this perspective.
In order to identify a sampling frame of eligible roads, a list of all
public roads in Vii Levu was generated using police, public works
and city council data. Roads classiﬁed as main, secondary, country,
residential, or within-city bus routes; and roads longer than 400 m
with daily trafﬁc counts equal to or more than 200, were eligible for
selection. Three strata for sampling were used: two for roads
within city boundaries (Suva and Lautoka), and the third for roads
outside these cities. Fifty roadside survey sites (including 10 for
each of the two cities) were randomly selected in proportion to the
cumulative road lengths (100 m intervals) of each of the three
strata [24]. To identify the sampling period for each of the 50
roadside sites, randomisation to time of day (24-h clock), day of
week (seven days), and travel direction (using the Suva Post ofﬁce
as the reference point) was undertaken. In order to optimise road
user and research team safety, Fiji Police determined the ﬁnal sitefor the roadside survey. The duration of each roadside survey was
2 h, and was undertaken weekly over the study period. To improve
the resource-efﬁciency of data collection, road survey sampling
was not undertaken between 2 a.m. and 5 a.m. as Fiji transport
data suggested road travel and related crashes were uncommon
during this period.
Consistent with established protocols in the country, trafﬁc
police used ﬂuorescent road signs and cones to alert oncoming
drivers about the road survey in progress, and slow down trafﬁc.
Motor vehicles were selected as research team members became
available to process them. All potential participants received an
information brochure providing an overview of the study and an
invitation to participate. During each survey, we collected trafﬁc
counts for all vehicles travelling in the same direction as motor
vehicles selected for the study. This enabled a weighting to be
assigned to controls from each site that was the inverse of the
proportion of all vehicles selected as controls.
Selection of cases
The identiﬁcation of eligible motor vehicles (cases) involved a
two-step process. Using a study-speciﬁc database established at all
hospitals and mortuaries throughout Viti Levu, we prospectively
identiﬁed all eligible motor vehicles; deﬁned as a four-wheel
motor vehicle involved in a crash where a road user (e.g. driver,
passenger, pedestrian) had died or been hospitalised (for 12 h or
more) due to an injury. Following this process, the drivers of all
eligible vehicles identiﬁed above, were approached and invited to
participate in the study. Eligible ‘motor vehicle case drivers’
therefore included injured drivers (fatal or hospitalised) as well as
drivers who were not injured (but a passenger in their car, or
another road user e.g. pedestrian involved in the crash was fatally
injured or hospitalised). Consistent with the control selection
protocol, crashes between 2 a.m. and 5 a.m. were excluded from
this analysis.
Members of the research team collaborated with Fiji police and
hospital personnel to ensure all eligible cases were identiﬁed, and
case records accurate and complete. If the driver had died or was
unable to participate due to severe injuries, a passenger in the
same car was identiﬁed.
Data collection
Interviews for cases were conducted in the hospital or at home
taking into consideration sensitivities surrounding those who had
sustained severe injuries or in mourning. Interviews of controls
were conducted either on-site during the roadside survey or
deferred to a more suitable time and location.
Structured questionnaires were administered by trained
interviewers, either face-to-face or by telephone. Information
sought included motor vehicle details, circumstances prior to the
crash/survey, personal factors, driving experience/habits, and
demographic characteristics. Questions relating to sleepiness
examining a range of potential risk and protective factors were
embedded within the questionnaire.
Measures of sleepiness
The Stanford sleepiness scale (SSS) and Epworth sleepiness
scale (ESS) are validated self-rating tools for measuring acute (state
of drowsiness) and chronic or average daytime sleepiness (sleep
propensity) respectively [14,25]. Although the ESS is validated in
some low and middle-income populations [26–28], neither the ESS
nor SSS have been validated in Paciﬁc populations. During the pilot
phase of the study, several study participants found it difﬁcult to
understand the terminology used in the English-language versions
Table 1
Stanford sleepiness scale and it’s adaptation for the study used in the TRIP study.
Stanford sleepiness scale Sleepiness scale used in the TRIP study
1. Felt active, wide awake Level 1: Felt active, wide awake
2. Was functioning at a high level but not at peak Level 2: Relaxed and awake but not fully alert
3. Felt relaxed, awake but not fully alert, responsive
4. Felt a little foggy headed Level 3: Difﬁculty staying awake, was beginning to lose track
5. Felt foggy headed, had difﬁculty staying awake, was beginning to lose track
6. Felt sleepy, would have preferred to lie down, woozy Level 4: Felt sleepy, would have preferred to lie down.
7. Could not stay awake, sleep onset imminent
Table 2
Distribution of driver sleepiness and potential confounders.
Variables Case drivers Control dri-
vers
n % n %
Sleepiness scale for TRIP
1. Felt active, wide awake 77 58.8 629 81.8
2. Not fully alert 37 28.2 114 17.2
3. Difﬁculty staying awake 5 3.8 4 0.1
4. Sleepy, would have preferred
to lie down
12 9.2 5 0.9
Acute sleep deprivation
Amount of sleep in the previous 24 ha
6 h 112 85.5 718 96.4
<6 h 19 14.5 34 3.6
Chronic sleep deprivation
Number of nights of adequate sleep in the previous weekb
At least 1 night of adequate sleep 122 93.1 725 95.8
No nights of adequate sleep 9 6.9 27 4.3
Obstructive sleep apnoea symptoms
Triad of symptomsc
No 127 97.0 745 99.2
Yes 4 3.1 7 0.9
2 symptoms
No 119 90.8 724 97.2
Yes 12 9.2 28 2.8
Regularly snore loudly
No 89 67.9 488 64.1
Yes 42 32.1 264 35.9
Work patterns
Shift workd
No 112 85.5 634 85.0
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as a study instrument, and the collapsing of the standard seven-
point scale of the SSS to a four-level sleepiness scale adapted
speciﬁcally for the TRIP study (Table 1). The TRIP sleepiness scale
comprised four categories: drivers who felt active and fully alert,
those who were less alert, those having difﬁculty staying awake,
and those who reported feeling sleepy.
Alternative sleep measures were sought to establish the
amount of driver-reported sleep prior to the survey/crash relating
to the quantity of sleep, quality of sleep, and work patterns.
Regarding quantity of sleep, we investigated the number of hours
slept in the previous 24 h (using ‘sleep of 6 h or less’, as the
measure for acute sleep deprivation) [21,29], and number of nights
of adequate sleep in the previous week; deﬁning adequate sleep as
sleep mostly between 11 p.m. and 7 a.m. for 7 h or more (using ‘No
full nights of adequate sleep in the previous week’ to measure
chronic sleep deprivation) [21]. For quality of sleep, we collected
information on participants experiencing symptoms suggestive of
obstructive sleep apnoea syndrome (regular loud snoring, breath-
ing pauses, and choking) as reported to them by friends or
relatives. We also sought information on the work patterns of
drivers in paid work, speciﬁcally the number of work hours per
week, and those working shifts (starting before 6 a.m. or ﬁnishing
after midnight, whether permanent, rotating or on call).
Potential confounding variables
The following variables were considered as potential con-
founders or factors requiring adjustment in models: age, sex,
ethnicity, income, use of alcohol, time and day of survey/crash,
vehicle type, and speed prior to the survey/crash. We also sought
information on the self-reported use of psychotropic and soporiﬁc
agents such as marijuana, recreation drugs, sleeping tablets,
including kava (a drink with sedative and anxiolytic properties
consumed in Fiji) [30,31]. No objective measures for vehicle speed,
alcohol, psychotropic or soporiﬁc agents were collected.
Analysis
Information collected on completed questionnaires was en-
tered on EpiData Entry Version 2.0 software then transferred to
STATA 12 statistical software for detailed analysis using survey
procedures. To reﬂect the cluster sampling design and the
disproportionate probability of selection due to varying trafﬁc
ﬂows at different sites, weighting was assigned to each control
recruitment site and the variance adjusted to account for the
correlation within sites. Odds ratios with 95% conﬁdence intervals
were calculated using unconditional logistic regression. We
developed separate models for each of the measures of sleepiness
to avoid including correlated measures in a single model. Age, sex
and ethnicity were forced into models, while all other factors and
potential confounders were considered for inclusion in the models
based on a 10% change-in-estimate method described byGreenland [32]. Population attributable risks and the associated
95% conﬁdence interval were calculated for sleep-related factors
found to have a signiﬁcant association with the odds of injury crash
[33,34].
This study was approved by the Fiji National Research Ethics
Review Committee with approval to undertake the roadside survey
granted by the Fiji Police Force and Land Transport Authority. All
participants provided informed consent.
Results
The study involved 142 cases and 752 controls. Overall, 30% of
eligible cases and 16% of eligible control participants declined to
participate or could not be contacted for interviews, most often due
to incorrect contact details. Of the drivers of case vehicles, 18 died,
76 were hospitalised, and the remainder were not hospitalised
(although someone else involved in the crash was). Of the 19
proxies (all of whom were in the vehicle at the time of the crash,
and proxies for all the drivers fatally injured) data on the level of
sleepiness was unavailable for 11 cases. Therefore this analysis was
limited to 131 cases and 752 controls.
Table 2 shows the distribution of measures of sleepiness and
potential confounders among cases and controls. After controlling
Table 2 (Continued )
Variables Case drivers Control dri-
vers
n % n %
Yes 19 14.5 118 15.0
Hours paid work per week (>60 h)
No 121 92.4 701 93.7
Yes 10 7.6 51 6.3
Age category
15–24 years 19 14.5 84 12.9
25–34 years 47 35.9 220 31.8
35–44 years 33 25.2 223 29.3
45 years 32 24.4 223 25.9
Missing data 0 0 2 0.3
Sex
Female 6 4.6 35 6.8
Male 125 95.4 717 93.2
Ethnic group
Fijian 41 31.3 154 21.9
Indian 88 67.2 551 70.1
Other 2 1.5 47 8.1
Income (Fijian Dollars)
<10,000 60 45.8 275 25.8
10,000–19,999 35 26.7 239 38.1
20,000 29 22.1 231 35.3
Declined to answer/missing data 7 5.3 7 0.9
Alcohol use in the 12 h before the crash/survey
No 112 85.5 734 96.5
Yes 19 14.5 18 3.5
Psychotropic/soporiﬁc agent use in the 12 h before the crash/survey
No 100 76.3 693 93.8
Yes 30 22.9 59 6.2
Missing data 1 0.8 0 0
Speed: how fast do you think
you were travelling?
50 km/h 51 38.9 502 74.4
51–60 km/h 28 21.4 160 21.2
61 km/h 46 35.1 90 4.5
Missing data 6 4.6 0 0
Vehicle type
Cars 82 62.6 468 67.3
Other 4-wheel vehiclese 33 25.2 257 29.8
4-Wheel trucks 16 12.2 27 2.9
Note: Column totals may differ due to missing data.
a Number of hours slept.
b Number of nights of adequate sleep (mostly between 11 p.m. and 7 a.m. for 7 h
or more).
c Witnessed reports of symptoms of obstructive sleep apnoea (regular loud
snoring, breathing pauses, and choking).
d Involving paid work starting before 6 a.m. or ﬁnishing after midnight whether
permanent, rotating or on call.
e Other 4-wheel vehicles: light and heavy goods vehicles such as minivan/bus,
open back utility vehicles.
Table 3
Association of variables related to sleep with risk of crash in which a road user
(driver, passenger, pedestrian) was injured. Adjusted odds ratio and 95% conﬁdence
intervals for multivariate model.
Variables Unadjusted oddsa
(95%CI)
Adjusted oddsb
(95%CI)
Sleepiness scale for TRIP
1. Felt active, wide awake 1.0 1.0
2–4. Not fully alert, difﬁculty
staying awake, sleepy
3.1 (2.03–4.84) 5.7 (2.67–12.28)
Amount of sleep in the previous 24 hc
6 h 1.0 1.0
<6 h 4.6 (1.83–11.46) 5.9 (1.66–20.85)
Number of nights of adequate sleep in the previous weekd
1 night of adequate sleep 1.0 1.0
No night of adequate sleep 1.7 (0.51–5.43) 1.1 (0.18–7.09)
2 obstructive sleep apnoea symptomse
No 1.0 1.0
Yes 3.5 (1.49–8.16) 2.9 (0.61–13.57)
Shift workf
No 1.0 1.0
Yes 1.0 (0.46–2.04) 0.4 (0.10–1.80)
Hours paid work per week (>60 h)
No 1.0 1.0
Yes 1.2 (0.54–2.82) 0.4 (0.05–2.82)
a Adjusted for sampling design.
b Logistic regression analysis included age, sex, ethnicity, income, self-reported
alcohol use, vehicle type, vehicle speed prior to survey/crash, day and time of
survey/crash.
c Number of hours slept.
d Number of nights of adequate sleep (mostly between 11 p.m. and 7 a.m. for 7 h
or more).
e Witnessed reports of symptoms of obstructive sleep apnoea (regular loud
snoring, breathing pauses, and choking).
f Involving paid work starting before 6 a.m. or ﬁnishing after midnight whether
permanent, rotating or on call.
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injury crash (OR 5.7, 95%CI 2.7, 12.3) among drivers who reported
being less alert, having difﬁculty staying awake, or sleepy,
compared with those who felt active and fully awake (TRIP
sleepiness scale: level 2–4 versus level 1) (Table 3). There was also
a signiﬁcant increase in the odds of crash among drivers reporting
less than 6 h of sleep during the previous 24 h (OR 5.9, 95%CI 1.7,
20.9). The population attributable risk (PAR) for crashes associated
with driving while not fully alert or sleepy was 34% (95%CI 30.0,
37.4), while the PAR for driving after less than 6 h of sleep in the
previous 24 h was 9% (95%CI, 6.3, 11.9).
The multivariable model of primary interest for our analysis did
not include the use of psychotropic or soporiﬁc agents because the
main exposure variable of interest (sleepiness) is in the pathway of
the potential effect on the risk of a crash. However, including the
use of psychotropic or soporiﬁc agents as a covariate shifted the
point estimates for driver sleepiness relatively little (OR 5.5, 95%CI
2.4, 13.0). A sensitivity analysis that excluded all proxy data did not
signiﬁcantly change the effect estimates presented in Table 3.Discussion
Our study found a strong and signiﬁcant association between
driving a four-wheel motor vehicle while not fully alert or sleepy,
and involvement in injury-producing crashes. The related increase
in odds of injury crash was almost six-fold and, if un-confounded,
is estimated to contribute to a third of the crash injury burden in
the study base. Having less than 6 h sleep in the previous 24 h was
also associated with a six-fold increase in the odds of involvement
in crash-related injuries, suggesting a reasonably consistent acute
effect from driver sleepiness.
There are several limitations to our study, which may have
introduced biases. While a population-based study reduced the
risk of selection bias, the relatively small number of cases (given
the population size of Fiji) compromised the precision of some
estimates of interest. The low response rates (cases 70%, controls
84%) and lack of available information on those who declined to
participate, were lost to follow up, or not contactable, made it
difﬁcult to determine the degree to which potential systemic
effects among this group, may have affected effect estimates.
Although we used a standardised and structured interviewer-
administered questionnaire for all participants to minimise
information bias, all data on sleepiness and most confounders
(including alcohol use) were collected by self report, increasing the
risk for recall bias and misclassiﬁcation [35]. A standardised
structured interview anchored to a speciﬁed event (crash in cases,
and a roadside stopping in controls) as used in a previous study in
Auckland [21] was employed to minimise bias. In order to reduce
the likelihood of control driver responses being constrained by the
presence of police at roadside stopping sites, all participants were
provided the option of being interviewed by phone at another time.
If they expressed a preference to be interviewed at the stopping
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police ofﬁcials, and the latter did not have access to this
information.
Regarding sleep and sleep-related disorders, the absence of
validated subjective and objective measures, may have introduced
misclassiﬁcation and recall bias. While there are objective and
subjective measures of sleepiness [25,36–41], direct application of
some was compromised by resource constraints (e.g. polysomno-
graphy) and the lack of validated self-report measures in Paciﬁc
populations. We therefore employed a modiﬁed version of the
Stanford sleepiness scale which was adapted following pre-testing
in the study population, alongside several single item measures to
examine acute and chronic sleep deprivation, used in our previous
research [21]. Selecting the threshold for driver sleepiness as that
of drivers who were fully alert versus those who were not fully
alert, having difﬁculty staying awake, or feeling sleepy, was based
on the knowledge that drivers are poor at predicting when the level
of sleep impairment they are experiencing might overwhelm them
[42,43]. Furthermore, in contexts like Fiji, where resource
constraints challenge maintenance of high quality roads (some-
times referred to as ‘unforgiving’ roads) and vehicles do not have
all the safety features apparent in high income countries, the risk of
any level of reduced driver alertness is likely to be of greater
concern than may be the case in more tolerant road environments.
While this threshold indicated a 5.7-fold increase in odds of injury-
involved crashes, the alternative threshold of driving while having
difﬁculty staying awake or feeling sleepy (compared with driving
while fully alert or not fully alert) was associated with a much
higher albeit considerably less precise adjusted odds ratio of 12.4
(95%CI 1.5, 105.2).
Cognisant of the available statistical power, this study was not
designed to investigate an exhaustive range of mechanisms that
could inﬂuence sleepiness. Importantly, we did not explore the
relationship of crashes to the circadian cycle (which would suggest
crashes associated with drowsy driving are more common in the
early hours of the morning, as demonstrated in a previous study
undertaken in Auckland [21]). In our study, fewer than 10% of
otherwise potentially eligible crashes occurred during the 2–5 a.m.
period excluded from the study base. Given the greater likelihood
of sleepy driving during this period, it is likely that our study has
underestimated the effect of sleepiness on crashes.
While we made efforts to ascertain data on a wide range of
potentially important confounding factors, information on
exposure to and experience in driving were not systematically
collected. As all information was self-reported, we did not
obtain objective measures of factors such as alcohol or
substance involvement, nor corroborate if information obtained
regarding speeding involved driving at speeds greater than
posted speed restrictions, including prevailing road and
environmental conditions. The extent to which these factors
modify the effect of sleepiness on crash risk requires further
epidemiological investigation.
Notwithstanding these limitations, this study adds to the very
limited evidence base regarding the relationship between driving
four-wheel vehicles while acutely sleepy and injury-involved
crashes in a less-resourced setting. In this regard, our ﬁndings
contrast with the ﬁndings of the study from Shenyang, China [10]
which found an increased risk for chronic driver sleepiness but not
acute sleepiness among car drivers. The few studies of heavy motor
vehicles in other low- and middle-income countries, have reported
a two- to three-fold odds of chronic driver sleepiness-related
crashes, often using the ESS. While our study was unable to use the
ESS, we used supplementary measures for chronic sleep, such as
chronic sleep deprivation, obstructive sleep apnoea, and prolonged
work or shift work patterns. Our ﬁndings are consistent with the
much larger body of evidence from high-income countriesindicating acute driver sleepiness is an important contributor to
road crashes [6,12,21,44].
Although the ﬁndings are inconsistent, some studies have
identiﬁed groups at increased risk of sleep deprivation and drowsy
driving such as shift workers working at night or working long
irregular hours; and people with untreated sleep apnoea syndrome
or narcolepsy [5,45,46]. The present study did not reveal
statistically signiﬁcant associations between the odds of crashes
and factors indicative of chronic sleep deprivation, night shifts,
prolonged work hours or symptoms suggestive of obstructive sleep
apnoea. This may be partly explained by the limited statistical
power of this study resulting in relatively imprecise estimates.
Sleep research has evolved, with experts reviewing the
conceptual framework for sleepiness and wakefulness, its deﬁni-
tion, aetiology, and measurement tools [36,47–49]. However,
identifying the gold standard for measuring sleepiness remains
elusive [36,50–52], reﬂecting the multiple factors inﬂuencing the
sleep wake circadian cycle. A recent review suggests the need to
examine afferent sensory mechanisms, for example, assessing
what people are doing at a particular time [36]. Such a personal
protective device, based on eye blinking was recently introduced to
prevent driver fatigue-related heavy motor vehicle crashes in the
Ok Tedi mine in Papua New Guinea [53]. Future research in less
resourced settings should explore these factors and incorporate
more precise instruments (e.g. objective and validated measures)
to elucidate the pathways by which driver sleepiness contributes
to RTI [12,54,55].
Based on the limited information available at the time, the
World Report on Road Trafﬁc Injury Prevention argued for better
working conditions for drivers at risk of sleepiness related crashes
[2]. These included using mechanisms such as limiting work and
driving hours at night and requiring rest periods for long haul
drivers. A strategy proposed in Malaysia includes banning the
operation of express buses during early morning hours [56]. Our
ﬁndings from Fiji highlight the need to design, implement, and
evaluate context speciﬁc road safety strategies targeting driver
sleepiness more generally (including car drivers) and the
environmental and transport system characteristics that potenti-
ate the risks involved in less-resourced settings [57]. The low
margins for driving error accommodated by relatively unforgiving
roads make the need to attend to this factor in rapidly motorising
countries a matter of urgency.
Conﬂict of interest
The authors wish to certify that no actual or potential conﬂict of
interest and ﬁnancial conﬂicts in relation to this manuscript article
exists.
Acknowledgments
This study was funded by an international collaborative
research grant awarded by the Wellcome Trust (UK)
(GR071671AIA) and the Health Research Council of New Zealand
(04/498). The authors acknowledge the support of the Fiji Ministry
of Health including the former Permanent Secretary Dr. Lepani
Waqatakirewa and all staff and students. We also acknowledge
members of the TRIP project team including Professor Sitaleki
Finau, Dr. Robyn McIntyre, Asilika Naisaki, Mabel Taoi, Ravi Reddy,
Ramneek Goundar, Litia Vuniduvu, and Nola Vanualailai.
References
[1] Lyznicki JM, Doege TC, Davis RM, Williams MA. Sleepiness, driving, and motor
vehicle crashes. Council on Scientiﬁc Affairs, American Medical Association. J
Am Med Assoc 1998;279(June (23)):1908–13.
J. Herman et al. / Injury, Int. J. Care Injured 45 (2014) 586–591 591[2] Peden M, Scurﬁled R, Sleet D, Mohan D, Hyder AA, Jarawan E, et al. World
report on road trafﬁc injury prevention. Geneva: World Health Organization;
2004.
[3] Teran-Santos J, Jimenez-Gomez A, Cordero-Guevara J. The association between
sleep apnea and the risk of trafﬁc accidents, Cooperative Group Burgos-
Santander. N Engl J Med 1999;340(March (11)):847–51.
[4] Ellen RL, Marshall SC, Palayew M, Molnar FJ, Wilson KG, Man-Son-Hing M.
Systematic review of motor vehicle crash risk in persons with sleep apnea. J
Clin Sleep Med Off Publ Am Acad Sleep Med 2006;2(April (2)):193–200.
[5] Philip P, Sagaspe P, Lagarde E, Leger D, Ohayon MM, Bioulac B, et al. Sleep
disorders and accidental risk in a large group of regular registered highway
drivers. Sleep Med 2010;11(December (10)):973–9.
[6] Connor J. The role of driver sleepiness in car crashes: a systematic review of
epidemiological studies. In: Verster J, George C, editors. Sleep, sleepiness and
trafﬁc safety. New York: Nova Science Publishers; 2010. p. 29–51.
[7] Perez-Chada D, Videla AJ, O’Flaherty ME, Palermo P, Meoni J, Sarchi MI, et al.
Sleep habits and accident risk among truck drivers: a cross-sectional study in
Argentina. Sleep 2005;28(September (9)):1103–8.
[8] Canani SF, John AB, Raymundi MG, Schonwald S, Menna Barreto SS. Prevalence
of sleepiness in a group of Brazilian lorry drivers. Public Health 2005;119(Oc-
tober (10)):925–9.
[9] Leechawengwongs M, Leechawengwongs E, Sukying C, Udomsubpayakul U.
Role of drowsy driving in trafﬁc accidents: a questionnaire survey of Thai
commercial bus/truck drivers. J Med Assoc Thailand Chotmaihet thang-
phaet2006;89(November (11)):1845–50.
[10] Liu GF, Han S, Liang DH, Wang FZ, Shi XZ, Yu J, et al. Driver sleepiness and risk of
car crashes in Shenyang, a Chinese northeastern city: population-based case–
control study. Biomed Environ Sci 2003;16(September (3)):219–26.
[11] Akerstedt T. Consensus statement: fatigue and accidents in transport opera-
tions. J Sleep Res 2000;9(December (4)):395.
[12] Williamson A, Lombardi DA, Folkard S, Stutts J, Courtney TK, Connor JL. The link
between fatigue and safety. Accid Anal Prevent 2011;43(March (2)):498–515.
[13] European Transport Safety Council. The role of driver fatigue in commercial
road transport crashes. Brussels: European Transport Safety Council; 2001.
[14] NCSDR/NHTSA. Expert panel on Driver fatigue and sleepiness. Drowsy driving
and automobile crashes. Washington, DC: National Center for Sleep Disorders
Research/National Highway Trafﬁc Safety Administration; 1997.
[15] Kapila SMM, Lamba D. The matatu mode of public transport in metropolitan
Nairobi. Nairobi: Mazingira Institute; 1982.
[16] Mock C, Amegashie J, Darteh K. Role of commercial drivers in motor vehicle
related injuries in Ghana. Inj Prevent J Int Soc Child Adolesc Inj Prevent
1999;5(December (4)):268–71.
[17] Nantulya VM, Muli-Musiime F. Kenya: uncovering the social determinants of
road trafﬁc accidents. In: Evans T, Whitehead M, Diderichsen F, Bhuiya A,
Wirth M, editors. Challenging inequities in health: from ethics to action.
Oxford: Oxford University Press; 2001.
[18] Herman J, Ameratunga S, Jackson R. Burden of road trafﬁc injuries and related
risk factors in low and middle-income Paciﬁc Island countries and territories:
a systematic review of the scientiﬁc literature (TRIP 5). BMC Public Health
2012;12(June (1)):479.
[19] Herman J, Ameratunga S, Wainiqolo I, Kafoa B, McCaig E, Jackson R. The case for
improving road safety in Paciﬁc Islands: a population-based study from Fiji
(TRIP 6). Aust N Z J Public Health 2012;36(October (5)):427–9.
[20] World Health Organization. Global status report on road safety: time for
action. Geneva: World Health Organization; 2009.
[21] Connor J, Norton R, Ameratunga S, Robinson E, Civil I, Dunn R, et al. Driver
sleepiness and risk of serious injury to car occupants: population based case
control study. Br Med J 2002;324(May (7346)):1125.
[22] Fiji Islands Bureau of Statistics. Fiji 2007 census of population and housing
2011; 2010, http://www.statsﬁji.gov.fj/ [accessed 30.04.10].
[23] Herman J, Ameratunga SN, Wainiqolo I, Kafoa B, Robinson E, McCaig E, et al.
Prevalence of sleepiness while driving four-wheel motor vehicles in Fiji: a
population-based survey (TRIP 9). Inj Prev 2013. http://www.ncbi.nlm.nih.-
gov/pubmed/23322259. Accessed Jan 15 (Epub ahead of print).
[24] Haahr M. Random.org—True Tandom Number Service—random integer gen-
erator, 1998; 2005, http://www.random.org/integers/.
[25] Cluydts R, De Valck E, Verstraeten E, Theys P. Daytime sleepiness and its
evaluation. Sleep Med Rev 2002;6(April (2)):83–96.
[26] Chen NH, Johns MW, Li HY, Chu CC, Liang SC, Shu YH, et al. Validation of a
Chinese version of the Epworth sleepiness scale. Qual Life Res 2002;11(De-
cember (8)):817–21.
[27] Cho YW, Lee JH, Son HK, Lee SH, Shin C, Johns MW. The reliability and validity
of the Korean version of the Epworth sleepiness scale. Sleep Breath
2010;15(April (3)):377–84.[28] Bertolazi AN, Fagondes SC, Hoff LS, Pedro VD, Menna Barreto SS, Johns MW.
Portuguese-language version of the Epworth sleepiness scale: validation for
use in Brazil. J Bras Pneumol 2009;35(September (9)):877–83.
[29] Wingard DL, Berkman LF. Mortality risk associated with sleeping patterns
among adults. Sleep 1983;6(2):102–7.
[30] Pittler MH, Ernst E. Kava extract for treating anxiety. Cochrane Database of
Syst Rev 2003;(1):CD003383.
[31] Wheatley D. Medicinal plants for insomnia: a review of their pharmacology,
efﬁcacy and tolerability. J Psychopharmacol 2005;19(July (4)):414–21.
[32] Greenland S. Modeling and variable selection in epidemiologic analysis. Am J
Public Health 1989;79(3):340–9.
[33] Greenland S. Variance estimators for attributable fraction estimates consistent
in both large strata and sparse data. Stat Med 1987;6(September (6)):701–8.
[34] Coughlin SS, Benichou J, Weed DL. Attributable risk estimation in case–control
studies. Epidemiol Rev 1994;16(1):51–64.
[35] Fung KY, Howe GR. Methodological issues in case–control studies. III—the
effect of joint misclassiﬁcation of risk factors and confounding factors upon
estimation and power. Int J Epidemiol 1984;13(September (3)):366–70.
[36] Johns MW. A new perspective on sleepiness. Sleep Biol Rhythms 2010;8(July
(3)):170–9.
[37] Carskadon MA, Dement WC, Mitler MM, Roth T, Westbrook PR, Keenan S.
Guidelines for the multiple sleep latency test (MSLT): a standard measure of
sleepiness. Sleep 1986;9(December (4)):519–24.
[38] Mitler MM, Gujavarty KS, Browman CP. Maintenance of wakefulness test: a
polysomnographic technique for evaluation treatment efﬁcacy in patients
with excessive somnolence. Electroencephalogr Clin Neurophysiol 1982;53(June
(6)):658–61.
[39] Johns MW. A new method for measuring daytime sleepiness: the Epworth
sleepiness scale. Sleep 1991;14(December (6)):540–5.
[40] Akerstedt T, Gillberg M. Subjective and objective sleepiness in the active
individual. Int J Neurosci 1990;52(May (1/2)):29–37.
[41] Hoddes E, Zarcone V, Smythe H, Phillips R, Dement WC. Quantiﬁcation of
sleepiness: a new approach. Psychophysiology 1973;10(July (4)):431–6.
[42] Powell NB, Chau JK. Sleepy driving. Med Clin N Am 2010;94(May (3)):531–40.
[43] Reyner LA, Horne JA. Falling asleep whilst driving: are drivers aware of prior
sleepiness? Int J Legal Med 1998;111(3):120–3.
[44] Crummy F, Cameron PA, Swann P, Kossmann T, Naughton MT. Prevalence of
sleepiness in surviving drivers of motor vehicle collisions. Intern Med J
2008;38(October (10)):769–75.
[45] Young T, Blustein J, Finn L, Palta M. Sleep-disordered breathing and motor
vehicle accidents in a population-based sample of employed adults. Sleep
1997;20(August (8)):608–13.
[46] Howard ME, Desai AV, Grunstein RR, Hukins C, Armstrong JG, Joffe D, et al.
Sleepiness, sleep-disordered breathing, and accident risk factors in commer-
cial vehicle drivers. Am J Respir Crit Care Med 2004;170(November (9)):
1014–21.
[47] Kryger MH, Roth T, Dement WC. Principles and practice of sleep medicine.
Philadelphia: Saunders/Elsevier; 2011.
[48] Shepard Jr JW, Buysse DJ, Chesson Jr AL, Dement WC, Goldberg R, Guillemi-
nault C, et al. History of the development of sleep medicine in the United
States. J Clin Sleep Med 2005;1(January (1)):61–82.
[49] Ferrie JE, Kumari M, Salo P, Singh-Manoux A, Kivimaki M. Sleep epidemiolo-
gy—a rapidly growing ﬁeld. Int J Epidemiol 2011;40(December (6)):1431–7.
[50] Sullivan SS, Kushida CA. Multiple sleep latency test and maintenance of
wakefulness test. Chest 2008;134(October (4)):854–61.
[51] Nguyen AT, Baltzan MA, Small D, Wolkove N, Guillon S, Palayew M. Clinical
reproducibility of the Epworth sleepiness scale. J Clin Sleep Med 2006;2(April
(2)):170–4.
[52] Buysse DJ, Hall ML, Strollo PJ, Kamarck TW, Owens J, Lee L, et al. Relationships
between the Pittsburgh Sleep Quality Index (PSQI), Epworth Sleepiness Scale
(ESS), and clinical/polysomnographic measures in a community sample. J Clin
Sleep Med 2008;4(December (6)):563–71.
[53] Optalert Ok Tedi leading safety in PNG BLINKEDin, vol. 1. Melbourne:
Optalert; 2011. p. 8–10.
[54] Stutts JC, Wilkins JW, Scott Osberg J, Vaughn BV. Driver risk factors for sleep-
related crashes. Accid Anal Prevent 2003;35(May (3)):321–31.
[55] Dinges DF. An overview of sleepiness and accidents. J Sleep Res 1995;4(De-
cember (S2)):4–14.
[56] Mohamed N, Mohd-Yusoff MF, Othman I, Zulkipli ZH, Osman MR, Voon WS.
Fatigue-related crashes involving express buses in Malaysia: will the proposed
policy of banning the early-hour operation reduce fatigue-related crashes and
beneﬁt overall road safety? Accid Anal Prevent 2012;45(Suppl.):45–9.
[57] Mohan D. Road safety in less-motorized environments: future concerns. Int J
Epidemiol 2002;31(June (3)):527–32.
